Purpose The prognostic value of nonsentinel lymph-node (NSLN) status in breast cancer remains unclear. This study was designed to investigate the prognostic value of NSLN status in SLN-positive breast cancer. Methods Retrospective 873 consecutive primary breast cancer patients from a single institution who were SLN-positive and underwent axillary lymph-node dissection (ALND) were included. Patients with incomplete clinical information or loss of follow-up were excluded. Survival analysis in patients with the same number of positive LNs and patients belonging to the same American Joint Committee on Cancer (AJCC) node (N) classification was performed to establish a proposal for incorporating the NSLN status into the breast cancer staging system. Results The median follow-up was 41 months. Positive NSLN status was a significantly unfavorable factor for recurrencefree survival (RFS) (HR: 4.31, P < 0.001) and distant recurrence-free survival (DRFS) (HR: 3.62, P < 0.001). The survival of patients with one positive SLN and one positive NSLN (N = 97) was significantly worse than that of patients with two positive SLNs (N = 68; RFS, P = 0.011; DRFS, P = 0.027). Positive NSLN status was a significantly unfavorable factor affecting survival in patients with the AJCC N1 classification (N = 806; RFS, HR: 2.85, P = 0.002; DRFS, HR: 2.81, P = 0.004). No significant difference in survival was found between LN-negative (N = 361) and NSLN-negative AJCC N1 classification (N = 363) patients. Conclusions Positive NSLN status has an independent prognostic value in breast cancer patients with 1-3 positive LNs, and the NSLN status should be incorporated into the breast cancer staging system.
Introduction
Sentinel lymph-node biopsy (SLNB) is a reliable standard diagnostic method in the prognostic staging of patients with breast cancer [1] . Axillary lymph-node dissection (ALND) is an effective method for local treatment of breast cancer, but is associated with a high risk of complications such as the limitation of shoulder movement, paresthesias, arm numbness, and lymphedema. SLNB not only provides an accurate assessment of histological nodal status but also has less acute and chronic morbidities than ALND [2, 3] . In recent years, SLNB has replaced ALND as a staging procedure for patients undergoing primary surgery with clinically negative lymph nodes [4] [5] [6] .
Usually, patients with a positive sentinel lymph node (SLN) are converted to ALND because of the high risk of harboring metastatic nonsentinel lymph nodes (NSLNs).
3
The incidence of NSLN metastases ranges from 27 to 46% when metastases are detected in one or two SLNs by SLNB and increases to as high as 70% in patients with three or more positive SLNs [4, 7, 8] . ALN (including SLNs and NSLNs) status is one of the strongest independent prognostic factors in breast cancer patients, and it guides clinical adjuvant local and systemic treatment decisions [1, [9] [10] [11] . However, the association between NSLN status and survival in breast cancer remains unclear. In SLN-positive breast cancer patients who underwent ALND, NSLN status may have an important predictive value for prognosis.
The aim of this study was to investigate the prognostic value of NSLN status in SLN-positive breast cancer, and especially excluded the interference of multiple positive LNs on the prognostic value of NSLN metastasis. Finally, this study was aimed to be able to offer a proposal for incorporating the NSLN status into the breast cancer staging system to improve risk stratification in patients.
Materials and methods

Patients
This is a retrospective study enrolled consecutive SLNpositive breast cancer patients who underwent ALND from 2010 to 2017 at Henan Provincial People's Hospital and is not registered in any official registry. The enrollment criteria for breast cancer patients were as follows: operable single primary breast cancer; underwent both SLNB and ALND; available information on the number and status of axillary LNs (including both SLN and NSLN), and follow-up data. Patients with incomplete clinical information or loss of follow-up, specifically, SLN-positive patients who did not undergo ALND were excluded from this study. All clinical characteristics, such as tumor size, tumor grade, estrogen receptor (ER) status, progesterone receptor (PR) status, human epidermal growth factor receptor 2 (HER2) status, SLN status, NSLN status, LN status, and adjuvant therapy, were extracted from the medical records in March 2018. We performed SLNB using methylene blue or indocyanine green alone or in combination. SLNB was performed by experienced surgeons in accordance with the standard operating procedure.
Statistical analysis
To investigate the associations between covariates and NSLN status, the categorical variables were compared using Fisher's exact test, and the continuous variables were compared using the Mann-Whitney U test. Univariate survival analysis was performed with the Cox proportional hazard model. To identify independent prognostic variables, the statistically significant variable identified by univariate analysis was included in the multivariate survival analysis. Recurrence-free survival (RFS) and distant recurrence-free survival (DRFS) curves were generated by the Kaplan-Meier method with log-rank tests. RFS was defined as the time from the date of pathological diagnosis to the date of local recurrence or metastasis, distant metastasis, death from nonbreast cancer cause, death from unknown cause, or death from breast cancer. DRFS was defined as the time from pathological diagnosis to the date of distant metastasis, death from nonbreast cancer cause, death from unknown cause, or death from breast cancer. At the last follow-up, patients without relapse were censored. To further confirm that NSLN status is a prognostic factor that is independent of the number of positive LNs, we investigated the association between NSLN status and survival in patients with the same number of positive LNs. The most common case where both SLN and NSLN were positive was two total positive LNs, so the survival analysis was performed with these patients. Furthermore, survival analysis was performed with patients belonging to the same AJCC N classification (N1 and N2 + N3) to establish a proposal for incorporating the NSLN status into the breast cancer staging system.
All tests were two-sided, and the alpha level of significance was set at 5%. All statistical analyses were performed with SPSS 20 software. The present study was performed in accordance with the guidelines of the Research Ethics Committee of Henan Provincial People's Hospital. Written informed consent was always obtained before any invasive procedure or surgery.
Results
A total of 878 consecutive SLNB-positive female breast patients who underwent ALND were treated at Breast Surgery Department, Henan Provincial People's Hospital from January 2010 to December 2017. Of these 878 patients, four patients were excluded due to with incomplete clinical information or loss of follow-up. Consequently, 873 patients were included in this study. The clinicopathological characteristics of all 873 patients are shown in Table 1 . All these patients subsequently underwent ALND; 372 patients were NSLN-negative and the other 501 patients were NSLNpositive. Positive NSLNs were more likely to be found in patients with larger tumors, more positive SLNs, more excised LNs at ALND, negative ER status, negative PR status, and positive HER2 status.
The median follow-up of this study was 41 months (ranging from 1 to 88 months). The estimated 5-year RFS and DRFS were 90.4% (95% CI: 88.0-92.8%) and 91.6% (95% CI: 89.4-93.8%), respectively. Patients with a positive NSLN status had a significantly worse RFS (unadjusted hazard Fig. 1a ) and DRFS (unadjusted HR: 2.99; 95% CI: 1.58-5.63; P < 0.001, Fig. 1b ) than those with a negative NSLN status. Furthermore, multivariate analysis revealed that a positive NSLN status was a significantly unfavorable factor for RFS (adjusted HR: 4.31, 95% CI: 2.44-7.59, P < 0.001) and DRFS (adjusted HR: 3.62, 95% CI: 2.11-6.21, P < 0.001), as were larger tumor size (RFS, HR: 1.86, 95% CI: 1.11-3.13, P = 0.019; DRFS, HR: 1.89, 95% CI: 1.06-3.36, P = 0.030) and more positive LNs ( Table 2) .
The association between NSLN metastasis and survival in patients with the same number of positive LNs was investigated to further rule out the interference of multiple positive LNs in the negative prognostic value of NSLN metastasis. The largest group of patients with both positive SLN and positive NSLN were those patients with two positive LNs, who were, therefore, selected as the cohort for this analysis (N = 165). Survival analysis showed that the survival of patients with one positive SLN and one positive NSLN (N = 97) was significantly worse than the survival of patients with two positive SLNs (N = 68; RFS, P = 0.011, Fig. 1c ; DRFS, P = 0.027, Fig. 1d ).
To establish a proposal for incorporating the NSLN status into the breast cancer staging system, we performed survival analyses in patients belonging to the same American Joint Committee on Cancer (AJCC) N classification group (N1: 1-3 positive LNs; N2 + N3: 4 or more positive LNs) with a special consideration of NSLN status. In the 806 patients with 1-3 positive LNs (AJCC N1), positive NSLN was a significantly unfavorable prognostic factor for survival (RFS, P < 0.001, Fig. 2a ; DRFS, P = 0.001, Fig. 2b ). Multivariate analysis revealed that positive NSLN status remained a significantly negative prognostic factor for RFS (adjusted HR: 2.85; 95% CI: 1.56-5.19; P = 0.002) and DRFS (adjusted HR: 2.81; 95% CI: 1.38-5.71; P = 0.004, Table 3 ), independent of other staging characteristics. However, in the 67 patients with four or more positive LNs (AJCC N2 + N3), the NSLN status was no longer a prognostic factor (RFS, unadjusted HR: 3.17; 95% CI: 0.42-24.05, P = 0.264; DRFS, unadjusted HR: 2.81; 95% CI: 0.37-21.38, P = 0.317).
Taking all the above findings into account, to further verify the prognostic value of NSLN in breast cancer, additional 361 consecutive LN-negative patients who underwent ALND from 2010 to 2014 were included in the present study. Then, all 1234 patients were reclassified into four groups as follows: Group 1, LN-negative (AJCC N0 classification group, N = 361); Group 2, one to three positive LNs with positive SLNs but negative NSLNs (AJCC N1 classification group, N = 363); Group 3, one to three positive LNs with positive SLNs and NSLNs (AJCC N1 classification group, N = 443); Group 4, four or more positive LNs (AJCC N2 + N3 group, N = 67). This new 
Discussion
The present study investigated the hypothesis that the metastasis of NSLNs has an independent prognostic value for breast cancer patients who underwent ALND and had positive SLNs. Patients with positive NSLNs had worse survival than did patients with negative NSLNs. Survival analysis in subgroup further reinforces evidence of the prognostic role of metastasis in NSLNs independent of the total number of positive LNs. Especially important in the breast cancer staging system, significant prognostic value of NSLN status was found compared to AJCC staging system. ALND is associated with a significant morbidity and has been replaced as a staging procedure by SLNB, which has fewer negative effects [3, [12] [13] [14] [15] [16] . Management of LNs in patients with breast cancer has evolved rapidly in the recent years, and an increasingly conservative approach to axillary staging has been developed [4, 6, 17, 18] . Changes in the management of breast cancer and the selection of systemic therapy based on tumor biology and clinical characteristics raised questions regarding the accurate classification of LNs for patients with SLN metastases. An SLN is the first lymph node in the lymphatic drainage pathway of the tumor bed, so it constitutes the first site of LN involvement. Once the tumor cell breaks through the SLN barrier and migrates to LNs beyond the SLN (NSLN-positive), a higher clinical classification and worse prognosis are indicated. Clinical trials such as the American College of Surgeons Oncology Group (ACOSOG) Z0011 have shown that ALND may be safely omitted in selected clinically node-negative patients with metastasis limited to one or two SLNs [5, 7, [19] [20] [21] . Our study found no difference in the prognosis of NSLNnegative breast cancer patients with AJCC N1 classification and N0 classification, further validating the safety of avoiding ALND in these selected patients. Although our results are based on a quite high number of patients, there are still some limitations in our study. For example, most cases used methylene blue or indocyanine green alone or in combination to detect sentinel lymph nodes and the weakness of retrospective nature. Our study still should be validated in the other independent cohorts.
In conclusion, our findings show that positive NSLN status has an independent prognostic value in breast cancer patients with 1-3 positive LNs, and the NSLN status should be incorporated into the conventional breast cancer staging system.
